INTRODUCTION
The site of the Cajon Pass drill hole lies some 4 km northeast of the San Andreas fault in southern California ( Figure 1 ) on a basin of Cenozoic sediments overlying a crystalline basement complex. The drill hole is located within a structurally complex area with many of the structures clearly predating the San Andreas fault [Meisling and Weldon, 1989] . Although research at Cajon Pass was primarily designed to investigate present-day aspects of the San Andreas fault zone, in particular the "heat flow stress paradox" [Zoback et al., 1988] , the project has also yielded much information on the pre-San Andreas fault geology of southern California [e.g., . Core material from the drill hole has been examined for brittle structures and microstructures in this study. A wide range of plastic deformation features in the cores is not described. Important questions that arise are whether the observed structures and microstructures are related to the current from the active fault zone. The phases are illustrated in Figure 2 for a simple model of repetitive characteristic earthquakes as proposed by Schwartz and Coppersmith [1984] . In the upper levels of a seismically active fault zone, structures and microstructures may be produced by both seismic and nonseismic mechanisms, but displacement in the majority of cases appears to be achieved largely by successive increments of seismic slip [Sibson, 1989] . In contrast, shear stress levels and strain rates during aseismic shearing within fault zones, and in areas of distributed deformation, either remain constant (steady aseismic creep) or fluctuate gradually (nonsteady aseismic creep), so that permanent strains accumulate by aseismic mechanisms ing between the products of the two deformation rates. Pseudotachylite friction melts, hydraulic implosion breccias, and thin principal slip surfaces have been interpreted as forming coseismically [Sibson, 1986] (Figure 4d) . There is a general lack of evidence for multiple episodes of extensional opening. The mean of the maximum particle dimension and its perpendicular bisector on a two-dimensional optical photomicrograph was taken as the particle size in this study. This method of measuring particle size differs from that of Sammis and coworkers, who take the diameter of the smallest circle containing the particle as the size, which gives a larger value than the method used here. However, the fractal dimension should be the same for both methods unless shape varies consistently with size, which does not appear to be true for these samples. The fractal dimension was calculated by linear regression of log N against log S between 0.03 and 0.3 mm (see below). Because two-and three-dimensional values of D differ by unity (assuming textural isotropy) [Sammis et al., 1987] , values obtained by regression were increased by 1. Errors in the regression coefficient were calculated as the 95% confidence intervals [Cheeney, 1983, pp. 89-91] . Measurements were made for particles in areas with dilatant textures, in extension and in shear fracture fills, and in six rock types in the cores. Maximum, average, and minimum particle sizes were also determined ( Table 2 ).
All the PSDs were fractal between upper and lower fractal limits of 0.3 and 0.03 mm. D is not affected much by the type of fracture fill or texture but is strongly influenced by lithology. The large variation in values of D (from 1.9 to 3.08), the limited fractal range, and the influence of lithology suggest that the above theories are either incorrect or incomplete descriptions of the processes of particle size reduction accompanying cataclastic deformation in the Cajon Pass core, even within the fractal range. Chemical alteration may be a process of particle size reduction that can account for the observed PSD characteristics.
In any given rock type from the cores, values of D span a limited interval of the total range of D (although the granites have a larger range). This implies that a similar process caused particle size reduction in all forms of cataclasis within the fractal range. Microstructures such as those shown in Figure 4e suggest that the breakdown of feldspars by alteration, as described above, was largely responsible for decrease in particle size. The minimum particle size (0.003-0.01 mm) is similar to the particle size into which feldspars disaggregated on alteration. Quartz grains, which typically occupy a volume one third or less than the feldspars and are therefore subordinate influences on the PSD, fragmented along intragranular microfractures. PSDs can be interpreted as a result of cataclasis in the dominant feldspar phase which was dependent on chemical reactions and therefore occurred at slow rates. These authors agree that laumontite forms at minimum depths of 2-3.5 km. At present, laumontite is believed by James and Silver [1988] to be forming at a depth of 2.1 km, where the temperature is 94øC [Lachenbruch and Sass, 1988] . The likely temperature range of deformation is therefore 90 ø < T < 250øC, based on the lower limit of stability of laumontite and the lack of evidence for significant crystal plasticity in quartz [White, 1976] .
The relationship between cataclastic deformation and alteration in the Cajon Pass drill hole is a form of deformation enhanced by chemical reaction. This has also been described as transformation-modified deformability, reaction softening, or reaction-enhanced ductility and is a well-documented process in nature and experiment [e.g., Fyfe, 1976 The feldspar deformation reported here is also notable because the feldspars have accommodated more strain than quartz, in contrast to deformation at higher temperature Conditions such that both minerals deform plastically, when quartz is generally weaker than feldspars. Janecke and Evans [1988] The existence of these pervasive structures and microstructures inherited from deformation which occurred prior to the development of the San Andreas fault syst. em in this area should be born in mind when interpreting geophysical measurements in and around the drill hole.
